Approximately half of childhood leukoencephalopathies remain unclassified despite extensive investigation 1 . Recently, some of them have been identified and categorized based on their distinct abnormalities detected on magnetic resonance imaging (MRI) [2] [3] [4] [5] [6] . A novel distinct leukoencephalopathy was described in 2003 by Van der Knaap et al. 7 Symptoms begin during childhood, with slow progression. Distinctive clinical findings include cerebellar, pyramidal and dorsal column dysfunction. Laboratory investigation is unrevealing. Typical findings on MRI and proton magnetic resonance spectroscopy ( H-MRS typically show abnormalities within cerebral and cerebellar white matter, a characteristic involvement of brainstem and spinal cord tracts and elevated lactate in the abnormal white matter. We present three cases with characteristic clinical and neuroimaging findings of this disorder. Some additional unique findings of our patients are discussed, like distal motor neuropathy and elevated creatine kinase in the serum.
We describe three cases with clinical, neurophysiologic, laboratory, MRI and 1 H-MRS findings suggestive of this new entity.
method
We have studied three patients from two unrelated families. All patients were born in the same geographic area, in the northeast region of Brazil. Patients 1 and 2 are siblings. A careful interview regarding family history was taken and an experienced neurologist performed a detailed clinical evaluation. Assessment of muscle strength was performed using the Medical Research Council scale.
Laboratory studies included blood cell count, blood gases, glucose, ammonium-ion, uric acid, transaminases, creatine kinase, lactate, thyroid function tests, ceruloplasmin, vitamin E, vitamin B12, folic acid, very long-chain fatty acids, phytanic acid, acanthocytes, plasma amino acids, lysosomal enzymes; Urine: oligosaccharides, sialic acid, amino acids and organic acids; Cerebrospinal fluid (CSF): cell count, protein, lactate, immunoglobulin G index, antibody detection of Herpes simplex virus (HSV), Cytomegalovirus (CMV), Epstein-�arr virus (EBV), toxoplasmosis, schistosomiasis, molecular detection of Mycobacterium tuberculosis and detection of cryptococcal antigen.
Neurophysiologic evaluation was performed according to standard methods 8 . Electroneuromyography (ENMG) and somatosensory-evoked potentials (SEP) were performed in all patients; motor evoked potentials (MEP) and brainstem auditory evoked potentials (BAEP) were performed in patient 1 and visual evoked potentials (VEP) was performed in patients 1 and 3. H-MRS and MRI of the brain and spinal cord were performed in all patients in the same 1.5T MR unit (Signa Horizon, GE Medical Systems, Milwaukee, WI, USA). Brain MRI protocol included axial and coronal fast spin echo (FSE) T2-weighted, axial fluid attenuated inversion recovery (FLAIR), axial and sagittal spin echo (SE) T1-weighted images. Spinal cord MRI included axial and sagittal FSE T1 and T2-weighted sequences. T1-weighted sequences were acquired before and after intravenous injection of a paramagnetic contrast agent (gadolinium). Single-voxel point-resolved proton spectroscopy sequences (PRESS) with echo time (TE) of 35 and 144 msec were obtained in the abnormal cerebral white matter. Patient 1 had an additional 1 H-MRS study with voxel located at the abnormal cerebellar white matter. Voxels were 2 X 2 X 2 cm in size. N-acetylaspartate (NAA) was assigned at 2.02 parts per million (ppm), choline (Cho) at 3.2 ppm and creatine (Cr) at 3.03 ppm. Metabolite ratios (NAA/Cr and Cho/Cr) were measured. All data processing was performed by software provided by the manufacturer. Patient 3 had a follow-up with MRI and 1 H-MRS two years apart.
Institutional review board approval was obtained. Verbal consent was obtained from all parents. Patient 2 is a boy, born in 1987. He acquired normal gait at 12 months. At the age of 6, he developed progressive walking abnormality, and by the age of 16 years, walking aids were needed for ambulation. On examination, deep tendon reflexes were generally depressed, with extension plantar response bilaterally, bilateral pes cavus deformity, bilateral lower limb impaired vibration sense, decreased tactile and pin sensation in hands and feet, mild to moderate postural/gait ataxia. Muscle strength was reduced for proximal and distal lower limbs.
resuLts

Clinical findings (
Patient 3 is a boy, born in 1987 from healthy nonconsanguineous parents. Progressive motor disabilities initiated by the age of 6 years. At 12 years of age he became wheelchair bound. Upper limbs motor deficits were first noted by the age of 14 years. Cognitive impairment was never observed. Examination demonstrated quadriparesis predominant in the distal part of upper and lower limbs, muscular atrophy at thenar and hypothenar regions, generally depressed deep tendon reflexes, mildly impaired vibration and joint-position sense and altered finger-tonose test bilaterally.
Laboratory investigation revealed mildly elevated serum creatine kinase in patient 2 (286 UI/L) and in patient 3 (520 UI/L -normal values <190UI/L). The remaining blood, CSF and urine tests were unremarkable.
Neurophysiologic findings are shown in Table 1 . (Table 2 ) -MRI revealed high signal intensity in T2-weighted and FLAIR images within the cerebral periventricular and deep white matter sparing U-fibers in all patients. Signal changes were inhomogeneous, confluent, involving all lobes, predominating within frontal and parietal regions in patients 1 and 2 (Figs 1A and 2A). In patient 3, signal abnormalities were less prominent, with spotty aspect, affecting exclusively the frontal and parietal lobes. Corpus callosum was thin in patients 1 and 2, with diffuse signal abnormality in patient 1. Patients 2 and 3 had signal changes restricted to the splenium (Fig 2B) . Posterior limb of internal capsules were altered in patients 1 and 2 ( Figs 1B and 2B) , and normal in patient 3.
MRI and 1 H-MRS
There were no abnormalities within the midbrain and transverse pontine fibers.
The following structures were affected in all patients: pyramidal tracts at the level of the pons and medulla, pyramids, intraparenchymal trajectory of trigeminal nerves, mesencephalic trigeminal tracts, 
Fig 2. Axial T2-weighted images of the brain in patient 2 shows diffuse abnormalities in the cerebral white matter (A), altered signal of the posterior limb of internal capsule (white arrow in �), splenium of the corpus callosum (arrowhead in �), intraparenchymal trajectory o trigeminal nerves (white arrow in C) and deep cerebellar white matter (arrow in D).
inferior and superior cerebellar peduncles (Figs 1D-E and 2C). Anterior spinocerebellar tracts were mildly involved in patient 1. Medial lemniscus was affected at the level of the medulla in patients 1 and 2.
Cerebellum was also affected with diffuse white matter involvement in patient 1, deep white matter involvement in patient 2 ( Figs 1E and 2D) , and mild subcortical alterations in patient 3. 1 H-MRS showed a doublet at 1.3ppm, compatible with elevated Lac, and higher Cho/Cr within abnormal cerebellar white matter in patient 1 ( Figure 1F ) and within frontoparietal white matter in patient 3.
Spinal MRI revealed abnormal signal in the dorsal columns and lateral corticospinal tracts in all patients (Fig 3) .
No contrast enhancement was observed in the post-gadolinium T1-weighted images.
Patient 3 had a follow-up brain and spinal MRI two years apart. There was a mild increase in subcortical cerebellar white matter abnormalities as the only change noticed. . To our knowledge, only ten additional cases with similar clinical and MRI findings have been demonstrated 9, 10 . Neurological symptoms frequently start in childhood and progress slowly. Initial complaints refer to gait instability and tremor. Muscle weakness, cerebellar ataxia and distal spasticity, most prominent in lower limbs, become more pronounced during disease progression. Cognitive impairment is observed in some patients. Patients typically develop decreased distal position and vibration sense. Clinical features of the present patients were similar to the formerly described cases (Table 1) . Laboratory investigation revealed elevated creatine kinase in patients 2 (286 UI/L) and 3 (520 UI/L). To our knowledge this finding has not been previously described and we attributed it to motor axonal neuropathy.
Neurophysiologic findings were indicative of involvement of the posterior columns, cortico-spinal tracts, and lower motor neurons (LMN). In two patients ENMG revealed chronic partial denevertionreinervation in upper and lower limbs, with distal muscles affected more severely than proximal muscles, suggesting distal motor neuropathy 9 . One patient had diffuse anterior cell dysfunction, probably due to advanced disease stage. These alterations have not been described in LBSL patients. 7, 9 Borderline reduction of nerve conduction velocities has already been reported 7, 9 . Peripheral sensory system, visual and brainstem auditory pathways were spared in these three patients.
MRI and
1 H-MRS findings were unique and correlated to previous reports (Table 2 ). Cerebral white matter was involved to a variable extent, with inhomogeneous, confluent, extensive signal abnormality in patients 1 and 2, and a spotty abnormal signal in patient 3. Correlation of clinical severity and MRI findings have already been verified 7, 9 . One of our patients (patient 3) had minor cerebral white matter involvement and was the only one with preserved cognitive function. Subcortical U-fibers were spared in all patients.
Posterior corpus callosum had altered signal intensity in all cases. Abnormal signal at the genu was detected only in patient one. Diffuse atrophy of the corpus callosum was present in patients 1 and 2.
Patient 3 had no abnormality in the posterior limbs of the internal capsules. This finding is in contrast with previous reports 7, [9] [10] , which homogeneously detected involvement of this anatomical structure. Cerebellar white matter was involved diffusely in pa-
Fig 3. Sagittal T2-weighted images of the spine of patients 1 (A), 2 (�) and 3 (C), indicating longitudinal involvement. Axial T2-weighted images of patients 1 (D), 2 (E) and 3 (F), demonstrating abnormal signal in the dorsal columns (arrows) and lateral corticospinal tracts (arrowheads).
tient 1 and subcortical signal change was found in patient 3. On the other hand, patient 2 showed mild abnormality affecting merely deep cerebellar white matter, a finding not described on previous series.
Midbrain had no signal intensity abnormality and this is an atypical finding in our patients. Nevertheless, Serkov et al. 10 described normal medial lemniscus and pyramidal tracts within the midbrain in two out of five patients described.
Within the pons, neither medial lemniscus nor the transverse pontine fibers were affected. Transverse pontine fibers are not invariably involved in previously reported cases. Altered signal usually becomes apparent in late stages 2 . Medial lemniscus signal abnormality at this level is a common finding, but not always present 7 . Anatomical structures consistently affected in our cases within the pons included the pyramidal tracts, superior cerebellar peduncles, mesencephalic trigeminal tracts, and intrapyramidal trigeminal nerve.
Anterior spinocerebellar tract involvement is a usual finding 7 , but not invariably present 9 . The pyramids and inferior cerebellar peduncles were always abnormal within the medulla. Medial lemniscus was abnormal in two patients and anterior spinocerebellar tract in only one.
Previous reports have emphasized the involvement of the sensory and pyramidal tracts over their entire length 9, 10, 12 . Conversely, in our cases we have not detected MRI abnormalities within the midbrain and have not found involvement of the medial lemniscus at the level of the pons. Actually, one of the previous reports have also found normal signal intensity in the pyramidal tracts and medial lemniscus in some cases at the level of the pons and midbrain 10 .
Spinal cord MRI revealed altered signal in posterior columns and lateral corticospinal tracts over the entire length in all cases. These abnormalities are in absolute agreement with earlier reports. 1 H-MRS revealed increased Lac in two out of three cases. Elevated Lac is considered a criterion for the definition of this entity, but is not absolutely present in all cases reported earlier 8, 12 . Elevated Cho has variably been found in previous reported series 7, 9 and was detected only in patient 1. It is possibly due to mildly enhanced membrane turnover and myelin loss. 13 The involvement of two siblings in the present cases reinforces the likelihood of an autosomal recessive mode of inheritance. Consistent data on the pathogenetic mechanisms of this disease are still lacking on current literature. The genetic defect is unknown and no pathology information is available 13 .
In conclusion, we have described three Brazilian patients with overall clinical and imaging features compatible with LBSL. Some features observed by us have not been previously reported, like elevated creatine kinase in the serum and neurophysiologic evidence of distal motor neuropathy. Moreover, we would like to call attention to the discontinuous aspect of the MRI signal abnormalities in the sensory and pyramidal tracts in our patients.
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